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Description 

[SEMICONDUCTOR DEVICE AND 
FABRICATING METHOD THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92123253, filed August 25, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhe present invention relates to a semiconductor device 
and a fabrication method thereof. More particularly, the 
present invention relates to a semiconductor device hav- 
ing a lower parasitic capacitance and a manufacturing 
method thereof. 

[0004] Description of Related Art 

[0005] Along with the advancement of the semiconductor tech- 
nology, device dimension continues to decrease. As semi- 
conductor devices enter the deep sub-micron processing 
and integration of integrated circuits increases, the wafer 



surface is insufficient to provide enough space for the 
fabrication of the required interconnects. In order to ac- 
commodate the increase of interconnects due to a 
diminution of the device dimension, the multi-layer metal 
interconnects design with two layers or more is the tech- 
nique used in the Very Large Scale Integrated (VLSI) cir- 
cuits. 

[0006] However, during the complicated interconnection design 
of a multi-layer interconnect, parasitic capacitance is of- 
ten generated in a structure having a dielectric layer 
sandwiched between two conductive structures. For ex- 
ample, in a memory device, after forming the gate struc- 
ture, a dielectric layer is normally formed to cover the gate 
structure, followed by forming a bit line on the dielectric 
layer. As a result, parasitic capacitance is generated due 
to the bit-line coupling effect between the bit line and the 
gate structure. 

[0007] The presence of the above parasitic capacitance would re- 
sult in signal noise, adversely affecting the effectiveness 
of the device. To mitigate the parasitic capacitance in in- 
tegrated circuits is an imminent problem needs to be 

readily resolved. 
Summary of Invention 



[0008] Accordingly, the present invention provides a semicon- 
ductor device and a fabrication method thereof, wherein 
parasitic capacitance, which is normally generated in the 
conventional integrated circuits, is alleviated. 

[0009] The present invention also provides a semiconductor de- 
vice and a fabrication method thereof, wherein the para- 
sitic capacitance generated due to the bit-line coupling 
effect in a semiconductor device is mitigated. 

[0010] The present invention provides a fabrication method for a 
semiconductor device, wherein this method includes 
forming a gate dielectric layer on a substrate. A plurality 
of gate structures is formed on the substrate, wherein 
each gate structure comprises a gate conductive layer, a 
cap layer and a spacer. Thereafter, a mask layer is formed 
on the substrate, covering a portion of the gate struc- 
tures, wherein the mask layer covers the gate structures 
where the predetermined self-aligned contact is subse- 
quently formed or the gate structures on the active re- 
gion. The mask layer can also cover only parts of the gate 
structures. Thereafter, the cap layer and the spacer of the 
gate structure not covered by the mask layer are removed. 
After the removal of the mask layer, a dielectric layer is 
formed over the substrate to cover the gate structure. A 



self-aligned contact is further formed in the dielectric 
layer, and a conductive line is formed on the dielectric 
layer to electrically connect with the self-aligned contact. 

[0011] The present invention also provides a fabrication method 
for a semiconductor device. The method includes provid- 
ing a gate dielectric layer on a substrate, and a plurality of 
the gate structures is formed on the substrate. Each gate 
structure includes a gate conductive layer, a cap layer and 
a spacer. A first dielectric layer is further formed to fill the 
space between the gate structures, followed by forming a 
mask layer on the first dielectric layer to cover portions of 
the gate structure, wherein the mask layer covers the gate 
structures where the predetermined self-aligned contact 
is subsequently formed or the gate structures on the ac- 
tive region. The cap layer of the gate structure or the cap 
layer and the spacer not covered by the mask layer are re- 
moved. Subsequent to the removal of the mask layer, a 
second dielectric layer is deposited on the first dielectric 
layer. Thereafter, a self-aligned contact is formed in the 
first and the second dielectric layers, and a conductive line 
is formed on the second dielectric layer to electrically 
connect with the self-aligned contact. 

[0012] The present invention further provides a fabrication 



method for a semiconductor device, wherein the method 
includes forming a gate dielectric layer on a substrate. A 
plurality of gate structures is formed on the gate dielectric 
layer, wherein each gate structure includes a gate conduc- 
tive layer, a cap layer and a spacer. Thereafter, a first di- 
electric layer is formed filling the gate structures therebe- 
tween, and a self-aligned contact is formed in the dielec- 
tric layer between two of the gate structures. The cap 
layer of all the gate structures or the cap layer and the 
spacer of all gate structures are removed. A second di- 
electric layer is then deposited on the first dielectric layer, 
and a conductive line is formed on the second dielectric 
layer to electrically connect with the self-aligned contact. 
[0013] The present invention provides a semiconductor device, 
wherein the device includes a gate dielectric layer, a plu- 
rality of first gate structures, a plurality of second gate 
structures, a dielectric layer, a self-aligned contact and a 
conductive line. The gate conductive layer is disposed on 
a substrate. The first gate structures are disposed on the 
gate dielectric layer, wherein each of the first gate struc- 
tures includes a gate conductive layer, a cap layer and a 
spacer. The second gate structures are disposed on the 
substrate, wherein each of the second gate structures in- 



eludes a gate conductive layer. The dielectric layer is dis- 
posed on the substrate, covering the first and the second 
gate structures. The self-aligned contact is disposed in 
the dielectric layer between the first gate structures. The 
conductive line is disposed on the dielectric layer and is 
electrically connected with the self-aligned contact. 

[0014] | n one embodiment of the invention, the cap layer and the 
spacer of the first gate structures are disposed only be- 
tween the self-aligned contact and the gate conductive 
layer. In another embodiment of the present invention, the 
dielectric layer at the sidwall of the gate conductive layer 
of the second gate structures comprises voids therein. In 
another embodiment of the invention, the dielectric layer 
at the sidewall of the first gate conductive layer that is not 
adjacent to the self-aligned contact comprises voids 
therein. In another embodiment of the invention, the sec- 
ond gate structure further includes a spacer that is higher 
than the gate conductive layer, wherein the spacer is dis- 
posed on the sidewall of the gate conductive layer. 

[0015] The present invention further provides a semiconductor 
device, which includes a gate dielectric layer, a plurality of 
first gate structures, a plurality of second gate structures, 
a dielectric layer, a self-aligned contact and a conductive 



line. The gate dielectric layer is disposed on the substrate. 
The first gate structures are disposed on the gate dielec- 
tric layer, and each of the first gate structures includes a 
gate conductive layer, while the second gate structures 
are disposed on the substrate, and each of the second 
gate structures includes a gate conductive layer. Further, 
the dielectric layer is disposed on the substrate, covering 
the first and the second gate structures. The self-aligned 
contact is disposed in the dielectric layer between the first 
gate structures. Moreover, the self-aligned contact and 
the first gate structure include the dielectric layer there- 
between. The conductive line is disposed on the dielectric 
layer and is electrically connected with the self-aligned 
contact. In one aspect of the invention, the dielectric layer 
between the sidewalls of the gate conductive layer of the 
first and the second gate structures includes voids 
therein. In another aspect of the invention, the first and 
the second gate structures further include a spacer on the 
sidewall of the gate conductive layer, wherein the spacer 
is higher than the gate conductive layer. 
[0016] | n accordance to the present invention, the cap layer and 
the spacer with a higher dielectric constant are removed. 
Further, where the cap layer and the spacer are previously 



occupied, a low dielectric constant material is formed to 
lower the parasitic capacitance of the integrated circuits. 
[0017] | t j S t0 De understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0018] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0019] Figures 1A to IDare schematic, cross-sectional view dia- 
grams illustrating the fabrication process for a semicon- 
ductor device according to the first embodiment of the 
present invention. 

[0020] Figures2A to 2Dare schematic, cross-sectional view dia- 
grams illustrating the fabrication process for a semicon- 
ductor device according to the another aspect of the first 
embodiment of the present invention. 

[0021] Figures3A to 3Dare schematic, cross-sectional view dia- 
grams illustrating the fabrication process for a semicon- 



ductor device according to the second embodiment of the 
present invention. 

[0022] Figures4A to 4C are schematic, cross-sectional view dia- 
grams illustrating the fabrication process for a semicon- 
ductor device according to another aspect of the second 
embodiment of the present invention. 

[0023] Figures5A to 5Dare schematic, cross-sectional view dia- 
grams illustrating the fabrication process for a semicon- 
ductor device according to yet another aspect of the sec- 
ond embodiment of the present invention. Figure 6 is a 
schematic, cross-sectional view diagram of a semicon- 
ductor device according to yet another aspect of the sec- 
ond embodiment of the present invention. 

[0024] Figures7A to 7Dare schematic, cross-sectional view dia- 
grams illustrating the fabrication process for a semicon- 
ductor device according to the third embodiment of the 
present invention. 

[0025] Figure 8 is a schematic, cross-sectional view diagram of a 
semiconductor device according to another aspect of the 
second embodiment of the present invention. 

[0026] Figure 9 is schematic, top view diagram of a semiconduc- 
tor device according to the first embodiment of the 
present invention. 



[0027] Figure 10 is schematic, top view diagram of a semicon- 
ductor device according to another aspect of the first em- 
bodiment of the present invention. 

[0028] Figure 11 is schematic, top view diagram of a semicon- 
ductor device according to the second embodiment of the 
present invention. 

[0029] Figure 12 is schematic, top view diagram of a semicon- 
ductor device according to another aspect of the second 
embodiment of the present invention. 

[0030] Figure 13 is schematic, top view diagram of a semicon- 
ductor device according to the third embodiment of the 

present invention. 
Detailed Description 

[003 1 ] pi rs t Embodiment 

[0032] Figures 1A to IDare schematic, cross-sectional view dia- 
grams illustrating the fabrication process for a semicon- 
ductor device according to the first embodiment of the 
present invention. Figure 9 is a schematic, top view dia- 
gram of the semiconductor device in the first embodiment 
of the present invention. The present invention can be 
better understood by way of the following description of 
using a memory device, which is not to be construed as 



only applicable to memory devices. 
[0033] Referring to both Figure 1A and 9, a shallow trench region 
102 is formed in a substrate 100 to define an active re- 
gion 101. The isolation region 102 is, for example, a 
shallow trench isolation region. Thereafter, a thin oxide 
layer 104 is formed on the surface of the substrate 100 to 
serve as a gate dielectric layer subsequently. A plurality of 
gate structures 130, 140 is formed on the substrate 100, 
wherein the gate structures 130 are formed on the active 
region 101, while the gate structures 140 are formed on 
the isolation region 102. The aforementioned gate struc- 
tures 130, 140 are formed with polysilicon layers 132, 
142, metal silicide layers 134, 144, cap layers 136, 146 
and spacers 138, 148, respectively, wherein the cap layers 
136, 146 and the spacers 138, 148 are formed with, for 
example, silicon nitride. Further, depending on the pro- 
cess, a silicon oxide liner (not shown) is further formed on 
the sidewalls of the polysilicon layers 132, 142 and the 
metal silicide layers 134, 144 before spacers 138, 148 
formed. 

[0034] Referring to Figure IB, a mask layer 116 is formed on the 
substrate 100, covering the gate structures 130 on the 
active region 101. In this embodiment of the invention, 



the mask layer 116 is, for example, a photoresist layer. 
Further, underneath the photoresist layer can also include 
an anti-reflection layer. The mask layer 116 covers the 
gate structures 130 and the predetermined site for a sub- 
sequently formed self-aligned contact between the gate 
structures 130. 

[0035] An etching process is then performed to remove the cap 
layers 146 and the spacers 148 that are not covered by 
the mask layer 116, leaving only the polysilicon layers 142 
and the metal silicide layers 144 to form the gate struc- 
tures 140a as shown in the top view diagram of Figure 9. 
In Figure 9, the cap layers 136 and the spacers 138 of the 
gate structures 130 disposed on the active region 101 are 
retained, while the cap layers 146 and the spacers of the 
gate structures 140 disposed on the isolation region 102 
are removed. For the etchant used in the etching process, 
the etching selectivity ratio of the cap layer 146 and the 
spacer 148 to the gate dielectric layer 104 and gate con- 
ductive layer (polysilicon layer 132, 142 and metal silicide 
layer 134, 144) is at least greater than 10. In one aspect 
of the invention, the etching process can be a wet etch 
process using, for example, a phosphoric acid as an 
etchant or a dry etch process using, for example, CHF /O 



or CH F as a reaction gas. 

22 3 

[0036] it is important to note that the above process step to re- 
move the cap layers 146 and the spacers 148 can be in- 
corporated with the manufacturing process of the gate 
contact. In other words, as shown in Figure 9, a slight 
modification to the mask used for the gate contact manu- 
facturing process can have the cap layers at the pre- 
determined gate contact 190 region and the aforemen- 
tioned cap layers 146 and spacers 148 concurrently re- 
moved. 

[0037] a s shown in Figure 1C, after the mask layer 116 is re- 
moved, a dielectric layer 118 is deposited over the sub- 
strate 100 to cover the gate structures 130 and the gate 
structures 140a. More specifically, the dielectric constant 
of the dielectric layer 118 is lower than the dielectric con- 
stant of silicon nitride. The dielectric layer 118 is, for ex- 
ample, silicon oxide, doped silicon oxide or other low di- 
electric constant dielectric layer. 

[0038] it is important to note that due to higher step height for 
the isolation region 102 than the active region 101, the 
deposited thickness of the gate conductive layer (the 
polysilicon layers 142 and the metal silicide Iayersl44) 
formed on the isolation region 102 is thinner than that of 



the gate conductive layer (polysilicon 132 and metal sil- 
icdie 134) formed on the active region 101. The resistance 
of the gate structure on the isolation region is thus 
higher. In this aspect of the invention, since the cap layer 
146 and the spacer 148 of the gate structure on the isola- 
tion region are removed, a metal silicide layer 108 can be 
formed, such as by a self-aligned silicide (Salicide) pro- 
cess, on the sidewall of the polysilicon Iayerl42 to reduce 
the resistance of the gate structures 140a. 

[0039] Referring to Figure ID, a self-aligned contact 120 is 
formed in the dielectric layer 118, and a bit line 122 is 
formed on the dielectric layer 118, wherein the bit line 
122 extends across over the gate structures 130 and the 
gate structures 140a and is electrically connected with the 
self-aligned contact 120. 

[0040] | n this invention, the cap layers 146 and the spacers 148 
of the gate structures 140 are removed. Instead, the cap 
layer 146 and the spacer 148 are replaced by a low di- 
electric constant dielectric layer 118. Therefore, in accor- 
dance to the present invention, the parasitic capacitance 
generated due to the coupling between the bit line 122 
and the gate structures 140 can be mitigated. 

[0041] still referring to Figure ID, the semiconductor device of 



the present invention further comprises a gate dielectric 
layer 104, a plurality of gate structures 130, a plurality of 
gate structures 140a, a dielectric layer 118, a self-aligned 
contact 120 and a conductive line 122. The gate dielectric 
layer 104 is disposed on the substrate 100. The gate 
structures 130 are disposed on the gate dielectric layer 
104, wherein the gate structures 130 are constructed with 
the gate conductive layers 132, 134, the cap layer 136 
and the spacer 138. The gate structures 140a are dis- 
posed on the substrate 100. Further, the gate structures 
140a are constructed with the gate conductive layers 142, 
144. The dielectric layer 118 is disposed on the substrate 
100, covering the gate structures 130, 140a. The self- 
aligned contact 120 is disposed in the dielectric layer 118 
between the gate structures 130, while the conductive line 
122 is disposed on the dielectric layer 118 and is electri- 
cally connected with the self-aligned contact 120. In one 
aspect of the invention, the sidewall of the gate conduc- 
tive layer 142 of the gate structure 140a furtherincludes a 
metal silicide layer 108 formed thereon. 
[0042] | n additional to the removal of the spacer and the cap 

layer of the gate structures that are disposed on the isola- 
tion region to mitigate parasitic capacitance, the present 



invention further includes a removal of a part of the cap 
layer and the spacer of the gate structures that are dis- 
posed on the active region in another aspect of the inven- 
tion. Consequently, as detailed in the following, parasitic 
capacitance generated due to the bit line coupling effect is 
reduced. 

[0043] Referring to Figure 2A and Figure 10, similar to the pro- 
cess steps that are being described in Figure 1A, an isola- 
tion region 102 is formed in the substrate 100 to define 
an active region 101. After forming the dielectric layer 
104 on the substrate 100, gate structuresl30, 140 are 
formed on the substrate 100. A mask layer 200 is further 
formed over the substrate 100 to cover a part of the active 
region 101, including portions of the gate structures 130. 
In other words, the mask layer 200 covers the cap layer 
136 and the spacer 138 where the self-aligned contact is 
subsequently formed. 

[0044] Continuing to Figure 2B, an etching process is conducted 
to remove the cap layer 146 and the spacer 148, and por- 
tions of the cap layer 136 and the spacer 138, leaving 
only the cap layer 136a and the spacer 138a, where the 
predetermined self-aligned contact is going to be formed. 
Consequently, gate structures 130a and gate structures 



140a are formed. As shown in Figure 10, the gate struc- 
tures 130a disposed on the active region include only the 
remaining portion of the cap layer 136a and the spacer 
138a. The etching parameters are similar to those of the 
etching process as described in Figure IB. If a wet etching 
process is conducted, the undercut problem created due 
to the removal of the cap layer 136 needs to be consid- 
ered. However, a slight modification to coverage area of 
the mask layer 200 can easily resolve such problem. 

[° 045 ] Similarly, the process step in removing the cap layer 146 
and the spacer 148, and the portions of the cap layer 136 
and the spacer 138 can be combined in the gate contact 
processing step. In other words, as showing Figure 10, by 
slightly modifying the photomask used in the gate contact 
fabrication process, the cap layer where the contact 190 is 
going to be formed is removed, while the cap layer 146 
and the spacer 148, and portions of the cap layer 136 and 
the spacer 138 are concurrently being removed. 

[0046] As shown in Figure 2C, after removing the mask layer 
200, a dielectric layer 118 is deposited on the substrate 
100, covering the gate structures 130a and gate struc- 
tures 140a. Thereafter, as shown in Figure 2D, a self- 
aligned contact 120 is formed in the dielectric layer 118 



and a bit line 122 is formed on the dielectric layer 118. 

[° 047 ] Similarly, after removing the mask layer 200, in this as- 
pect of the invention, a metal silicide process is further 
conducted to form a metal silicide layer 108 on the side- 
walls of the polysilicon layers 132, 142 to lower the resis- 
tance of the gate structures 130a, 140a. 

[0048] | n this aspect of the invention, beside removing the cap 
layer 146 and the spacer 148 of the gate structures 140, 
portions of the cap layer 136 and the spacer 136 of the 
gate structures 130 are also removed. Therefore, after 
forming the lower dielectric constant dielectric layer 118, 
parasitic capacitance generated due to the coupling of the 
bit line 12 and the gate structures 130, 140 are reduced. 

[0049] Continuing to Figure 2D, the structure of the semiconduc- 
tor device in this aspect of the invention is similar to that 
illustrated in Figure ID. A difference between the two 
structures is that the gate structures 130a comprise the 
gate conductive layers 132, 134, the cap layer 136a and 
the spacer 138a, wherein the cap layer 136a and the 
spacer 138a of the gate structures 130a are disposed be- 
tween the self-aligned contact 120 and the gate conduc- 
tive layers 132, 134. 

[0050] Second Embodiment 



[0051] Figures 3A to 3D are schematic, cross-sectional views il- 
lustrating the fabrication process of a semiconductor de- 
vice according to a second embodiment of the invention. 

[0052] a s shown in Figure 3A, the processing steps similar to 

those illustrated in Figure 1A are performed. Thereafter, a 
dielectric layer 302 is formed filling the space between the 
gate structures 130, 140. Forming the dielectric layer 
302is by, for example, depositing a dielectric material 
layer (not shown) on the substrate 100 to cover the gate 
structures 130, 140, followed by performing a chemical 
mechanical polishing process or an etching back process 
until the cap layers 136, 146 are exposed. 

[0053] Referring to Figure 3B, a mask layer 304 is formed on the 
dielectric layer 302, covering the gate structures 130 on 
the active region 101. In one aspect of the invention, the 
mask layer 304 is, for example, a photoresist layer, 
wherein under the photoresist layer further includes an 
anti-reflection layer (not shown). This mask layer 304 
covers the gate structures 130 on the active region or the 
region between the gate structures 130 where the self- 
aligned contact is going to be formed subsequently. 

[0054] a dry etching process is performed to remove the cap 

layer 146 that is not covered by the mask layer 304, leav- 



ing behind the spacer 146, the polysilicon layer 142 and 
the metal silicide layer 144 to form the gate structures 
140b. The etching selectivity between the cap layer and 
the gate conductive layer of the etchant used is at least 
greater than 10. For example, the etching selectivity ratio 
of silicon nitride to metal silicide is at least greater than 
10. In one aspect of the invention, the reaction gas used 
in the dry etching process is, for example, CHF 3 /0 2 or CH 
F . 

2 2 

[0055] it j S important to note that, the cap layer 146 removal 

process can be combined with the gate contact manufac- 
turing process. In other words, as shown in Figure 11, by 
slightly modifying the photomask used in the gate contact 
manufacturing process, the above-mentioned cap layer 
146 can also be removed during the removal of the cap 
layer 146 where the gate contact 190 is going to be 
formed. 

[0056] As shown in Figure 3C, after removing the mask layer 

304, a dielectric layer 118 is deposited above the dielec- 
tric layer 302, covering the gate structures 130 and gate 
structures 140b. More particularly, the dielectric constant 
of the dielectric layer 1 18 is lower than that of silicon ni- 
tride. The dielectric layer 118 is, for example, silicon ox- 



ide, doped silicon oxide or low dielectric constant dielec- 
tric layer. 

[0057] Continuing to Figure 3D, a self-aligned contact 120 is 

formed in the dielectric layer 302 and the dielectric layer 
118, and a bit line 122 is formed on the dielectric layer 
118, wherein the bit line 122 extends across over the gate 
structures 130, 140b and electrically connects with the 
self-aligned contact 120. 

[0058] still referring to Figure 3D, the structure of the semicon- 
ductor device is similar to that in Figure ID. A difference 
between the two structures is at the gate structures 140b, 
wherein beside having a spacer formed on the sidewalls of 
the gate structures 140b, which include the gate conduc- 
tive layers 142, 144, the spacer 148 is higher than the 
gate conductive layers 142, 144. Further, the dielectric 
layer 302 between the gate structures 130, 140b and the 
dielectric layer 118 that covers the gate structures 130, 
140b can be a same dielectric material or different dielec- 
tric materials. 

[0059] | n another aspect of the invention, during the wet etching 
process as illustrated in Figure 3B, beside removing the 
cap layer 146, the spacer 148 is also being removed as 
shown in Figure 4A. Referring to Figure 4A, the cap layer 



148 and the spacer of the gate structures 140 are re- 
moved in the wet etching process. A gap 400 is thus 
formed between the sidewall of the gate structures 140a 
and the dielectric layer 302. This wet etching process 
uses, for example, phosphoric acid as an etchant. 

[0060] Similarly, in this aspect of the invention, the process step 
for removing the cap layer 146 and the spacer 148 can be 
incorporated with the gate contact manufacturing process. 
As shown in the top view diagram in Figure 9, by slightly 
modifying the photomask of the gate contact manufactur- 
ing process, the above-mentioned cap layer 146 and the 
spacer 148 can be concurrently removed during the re- 
moval of the cap layer where the gate contact 190 is go- 
ing to be formed. 

[0061] As shown in Figure 4B, after the mask layer 304 is re- 
moved and a dielectric layer 118 is deposited on the di- 
electric layer 302, the gap 400 is filled with the dielectric 
layer 118 and voids are being formed. Similarly, in this 
aspect of the invention, after the removal of the mask 
layer, a metal silicide process may perform to form a 
metal silicide layer 108 on the sidewall of the polysilicon 
layer 142 to lower the resistance of the gate structures 
140a. Thereafter, as shown in Figure 4C, the self-aligned 



contact 120 and the bit line 122 are subsequently formed. 

[0062] | n t his second embodiment of the present invention, the 
cap layer 146 or the cap layer 146 and the spacer 148 are 
removed to lower the parasitic capacitance generated 
from the bit line coupling effect. Moreover, if the cap layer 
146 and the spacer 148 are removed, voids 402 are 
formed in the dielectric layer 118 that is being deposited 
in the gap 400. The presence of these voids 402 can lower 
the dielectric constant of the dielectric layer 118, which 
can further reduce the parasitic capacitance generated 
due to the bit line coupling effect. 

[0063] Referring to Figure 4C, the semiconductor device formed 
in the above manufacturing process is similar to the de- 
vice illustrated in Figure 3D. A difference between the two 
devices is at the gate structures 140a, in which the gate 
structures 140a in the second embodiment include only 
the gate conductive layers 142, 144. Further, voids 402 
are formed in the dielectric layer 118 at the side of the 
gate conductive layers 142, 144. In one aspect of the in- 
vention, a metal silicide layer is further formed on the 
sidewall of the gate conductive layer 142. 

[0064] | n t ne second embodiment of the invention, beside re- 
moving the spacer and the cap layer of the gate structures 



on the isolation region to mitigate the parasitic capaci- 
tance, portions of the cap layer and the spacer of the gate 
structures on the active region can also be removed to 
lower the parasitic capacitance generated due to the bit 
line coupling effect, as detailed in the following. 

[0065] Referring to Figure 5A, similar to the process steps illus- 
trated in Figure 4A, an isolation region 102 is formed in 
the substrate 100. After forming the gate dielectric layer 
104 on the substrate 100, gate structures 130, 140 are 
formed on the substrate 100. A dielectric layer 302 is fur- 
ther formed to fill the space between the gate structures 
130, 140. Thereafter, a mask layer 500 is formed on the 
dielectric layer 302, covering portions of the gate struc- 
tures 130. More specifically, the mask layer 500 covers 
the cap layer 136 and the spacer 138 where the self- 
aligned contact is subsequently formed. 

[0066] As shown in Figure 5B, a dry etching process is conducted 
to remove the cap layer 146 and a portion of the cap layer 
136 not covered by the mask layer 500, leaving behind 
the cap layer 136a where the self-aligned contact is going 
to be formed. As a result, gate structures 130b and gate 
structures 140b are formed. Similarly, the process step for 
removing the cap layer 146 and the portion of the cap 



layer 136 can be incorporated with the manufacturing 
process in forming the gate contact. In other words, as 
shown in Figure 12, the photomask used in the gate con- 
tact process can be modified slightly to have the cap layer 
at the predetermined gate contact 190 region removed 
during the removal of the above cap layer 146 and the 
portion of the cap layer 136. 

[0067] a s shown in Figure 5C, after removing the mask layer 

500, a dielectric layer 118 is deposited over the substrate 
100, covering the gate structures 130b and the gate 
structures 140b. Thereafter, as shown in Figure 5D, a 
self-aligned contact 120 is formed in the dielectric layer 
and a bit line 122 is formed on the dielectric layer 118. 

[0068] Continuing to Figure 5D, the structure of the semiconduc- 
tor device formed in the above process is similar to that in 
Figure 3D. A difference between the two structures is at 
the gate structures 130b, wherein the gate structure 130b 
in the second embodiment include the gate conductive 
layer 132, 134, the cap layer 136a and the spacer 138. 

[0069] | n another aspect of this second embodiment of the in- 
vention, wet etching is performed in Figure 5B to remove 
the cap layer 146, the spacer 148 and the portions of the 
cap layer 136 and the spacer 138, leaving only the cap 



layer 136a and the spacer 138 where the self-aligned 
contact is going to be formed to form the gate structures 
130a and the gate structures 140a as shown in Figure 6. 
Voids 402 are also formed in the dielectric layer 118 
formed in the gap 400, wherein the presence of these 
voids 402 can lower the dielectric constant of the dielec- 
tric layer 118 to further reduce the parasitic capacitance 
generated due to the bit line coupling effect. 
[0070] Similarly, after removing the mask layer 500, a metal sili- 
cide process can further performed to form a metal sili- 
cide layer 108 on the sidewall of the polysilicon layers 
132, 142 to lower the resistance of the gate structures 
130a, 140a. 

[0071] still referring to Figure 6, the structure of the semicon- 
ductor device in this embodiment is similar to that in Fig- 
ure 4C. A difference between the two structures is at the 
gate structures 130a. The gate structures 130a include 
the gate conductive layers 132, 134, the cap layer 136a 
and the spacer 138a, wherein the dielectric layer 118 at 
the sidewall of the gate conductive layers 132, 134 that is 
not adjacent to the self-aligned contact 120 comprises 
voids 402. In another aspect of this embodiment of the 
invention, a metal silicide layer 108 is further formed on 



the sidewall of the gate conductive layer 142 and on the 
remaining sidewalls of the gate conductive layer 132 be- 
side the sidewall that is adjacent to the self-aligned con- 
tact 120. 

[0072] Third Embodiment 

[0073] Figures 7 A to 7D are schematic diagrams illustrating the 
fabrication process of a semiconductor device according 
to the third embodiment of the present invention. Figure 
13 is the top view diagram of the semiconductor device of 
the second embodiment of the invention. 

[0074] Referring to Figure 7 A and 13, an isolation region 102 is 
formed in the substrate 100 to define the active region 

101. Thereafter, a gate dielectric layer 104 is formed on 
the surface of the substrate 100, and gate structures 130, 
140 are formed on the substrate 100, wherein the gate 
structures 130 are formed on the active region 101, while 
the gate structures 140 are formed on the isolation region 

102. The above gate structures 130, 140 are each formed 
with the polysilicon layers 132, 142, the metal silicides 
134, 144, the cap layers 136, 146 and the spacers 138, 
148, wherein the cap layers 136, 146 and the spacer 138, 
148 are formed with, for example, silicon nitride. There- 
after, a dielectric layer 302 is formed, filling the space be- 



tween the gate structures 130, 140. The dielectric layer 
302 is formed by depositing a dielectric material layer (not 
shown) on the substrate 100 to cover the gate structures 
130, 140, followed by performing chemical vapor deposi- 
tion process or an etching back process on the dielectric 
material layer until the cap layers 136, 146 are exposed. 

[0075] Thereafter, a self-aligned contact 600 is formed in the di- 
electric layer 302. Forming the self-aligned contact 600 
includes forming a self-aligned contact opening in the di- 
electric layer 302, followed by forming a conductive layer 
in the self-aligned contact opening. 

[0076] Referring to Figure 7B, an etching process with etching 
selectivity ratio of the cap layer 136, 146 and the spacer 
138, 148 to the gate dielectric layer 104 and gate con- 
ductive layer (polysilicon layer 132, 142 and metal silicide 
layer 134, 144) at least greater than 10, such as a wet 
etching process using a phosphoric acid as an etchant, is 
performed to remove the cap layers 136, 146 and the 
spacers 138, 148 of the gate structures 130, 140 to form 
the gate structures 130c 140a. A gap 400 is thus formed 
between the sidewalls of the gate structures 130c, 140a, 
and the dielectric layer 302. 

[0077] Similarly, the process step in removing the cap layer 136, 



146 and the spacer 138, 148 can be incorporated with the 
gate contact manufacturing process. In other words, as 
shown in Figure 13, a slight modification to the pho- 
tomask used in the gate contact opening manufacturing 
process can have the cap layer where the gate contact 
opening 190 is going to be formed removed, while con- 
currently removing the above-mentioned cap layers 136, 
146, and the spacers 138, 148. 

[0078] As shown in Figure 7C, another dielectric layer 118 is de- 
posited, filling the gap 400. Further, the dielectric layer 
118 that fills the gap 400 is formed with voids 402. More 
particularly, the dielectric constant of the dielectric layer 
118 is lower than that of silicon nitride. The dielectric 
layer 118 is, for example, silicon oxide, doped silicon ox- 
ide or low dielectric constant dielectric layer. 

[0079] Referring to Figure 7D, a bit line 122 is formed on the di- 
electric layer 118, and a contact opening 122a is formed 
in the dielectric layer 118, wherein the bit line 122 is elec- 
trically connected with the self-aligned contact 600. 

[0080] still referring to Figure 7D, the semiconductor device of 
the present invention further includes a gate dielectric 
layer 104, a plurality of gate structures 130c, a plurality of 
gate structures 140a, dielectric layers 302, 118, a self- 



aligned contact 600 and a conductive line 122. The di- 
electric layer 104 is disposed on the substrate 100. The 
gate structures 130c are disposed on the gate dielectri- 
clayer 104, wherein the gate structures 130c are con- 
structed with the gate conductive layers 132, 134. The 
gate structures 140a are disposed on the substrate 100, 
wherein the gate structures 140a are constructed with the 
gate conductive layers 142, 144. Further, the dielectric 
layers 118, 302 are disposed on the substrate 100, cover- 
ing the gate structures 130c, 140a. The self-aligned con- 
tact 600 is disposed in the dielectric layer 302 between 
the gate structures 130c. The self-aligned contact 600 
and the gate structures 130c further include a dielectric 
layer 118 therebetween. The conductive line 122 is dis- 
posed on the dielectric layer 118, and is electrically con- 
nected with the self-aligned contact 600 through the con- 
tact 122a. In one aspect of the invention, voids 402 are 
present in the dielectric layer 118 that is disposed be- 
tween the sidewalls of the gate structures 130c and 140a. 
[0081] | n another aspect of the third embodiment of the inven- 
tion, a dry etching process is performed in the process 
steps shown in Figure 7B to remove the cap layers 136, 
146 only, while the other process steps are same as those 



described in the above, as shown in Figure 8. Referring to 
Figure 8, the cap layers of the gate structures 130d and 
the gate structures 140b are removed, leaving only the 
spacers behind. This approach can also alleviate the para- 
sitic capacitance generated due to the bit line coupling ef- 
fect. 

[0082] The structure of the semiconductor device in Figure 8 is 
similar to that in Figure 7D. The difference between the 
two structures is at the gate structures 130d and the gate 
structures 140b. The gate structures 130d include the 
gate conductive layers 132, 134, and the spacer 138, 
wherein the spacer 138 is higher than the gate conductive 
layers 132, 134. The gate structures 140b also includes 
the gate conductive layers 142, 144 and the spacer 148, 
wherein the spacer 148 is higher than the gate conductive 
layers 142, 144. 

[0083] | n this invention, the high dielectric constant material in 
the semiconductor device is replaced by the low dielectric 
constant material to lower the parasitic capacitance gen- 
erated in the integrated circuit structure. 

[0084] Further, the removal of the cap layer or the cap layer and 
the spacer further provides another advantage. After the 
removal of the cap layer or the cap layer and the spacer, 



the aspect ratio of the gap between the neighboring gate 
structures reduces. Therefore, in the subsequent deposi- 
tion of the dielectric layer, generation of small crevices in 
the dielectric layer is prevented to preclude an electrical 
short generated between two neighboring conductive 
structures. 

[0085] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



